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JWST Overview 

I I - Large infrared observatory positioned at L2 - Proposed launch date: August 2011 - Mission goals: 
-Understand the  birth and formation of stars 
-Determine how planetary systems form 
-Explain galaxy formation 
-Determine the shape  of the universe 
-Provide a better understanding of the  intriguing 

dark matter problem 
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Flow 
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Tis #5 Test Objective 
I 
I 

* To determine the emittance of candidate thermal control 
coatings for  the JWSTflSiM Instrument Assembly from 3OK to 
233K 

values (goal e%) at 30K 
- To minimize associated error bats in determining emittance 

q.- 

Second Analytical Method 

- Steady State Warm-up 

Q- = +a)_*, ( T L  -P-)+Q& 

Cryochamber 
Desim Reauirements 

- Relatively large: &>>A, (chamber area >> 
sample area) and at least 3'x3'x3' (lrn3) 
Cool-down from 273K to 7K in 8 hours - Thermal gradient C 1 K - Thermal stability O.1Khr - Chamber pressure I x I O - ~  Torr - Cheap (to build and operate) 

First Anaiyticai Method 

Test Profile - Overview 
Timeline 

Cryochamber 
on Facility 239 Payload Cart 
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Cryochamber 
Design Overview 

- Volume: 6’L x 4 W  x 5” {1.9m x 1.2m x 1.5m) 
~ Utilized 11 existing cryopanels 

- (5)7Cx29’ 
- ( 2 ) W  ~ 2 3 ’  
-(2)61Sx29’ 
- (2)  54 x 23- 

* Cryopanels painted with Aerogiaze 2307 
Suppotted by an “exoskeleton” frame - Plumbed in four parallel circuits - Covered with single-layer, twcbsided VDA 

I 

I Cryochamber 
Instrumentation 

- Temperature 
-(20) Type Tfhennocouples used for fixture and tube 

-(15) DT-470-CU-13 standard curve silicon diodes used 
rnonitonng down to LN, temperatures 

for panel and tube momtoring to LHe  temperatures 
* r’Kacc~lracy 

Pressure 
-MIST traceable calibrated Granville Phillips Stabil-Ion 

Gauge on Chamber - 9% accu~acy per decade fmm 1x10-* to l x l O *  Torr 

Cryochamber 
Thermal Isolation 

- Ctyopanels supported by G-10 isolators with uW=3.6 

- Three mil double sided VDA 0verga.w between panels 
* Three mil double sided VDA over ail panels - Four-layer MLI vmpped around all tubing 

Calculated conduction and  radiation heat loss = i0.7W 1 
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Sample Spewtications 

Test Sample 
Configuration 

m a l  Desktq17' Model I 

I I 

Test Sample 
Description 

-Coatings 

-Substrate 

- 2306 Black Pant - Black Kapton p ml; VDA badmg) - Bare M55&954-6 C- 

- AliWAJumnm 
8'I 8 ' X  0 m!Y - MSU 1% Coqwsck 
8' x 8' I 0 024- (8 Ply), 

-Heaters 
- Minm modeiiH1(5~74(HLllZB - 3' x 3' (4 per sa-). vmed m senel - K a p h  w PSA h a m  
- Each healer 8u Ohms 
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System precision: M.002mW and ?50rnK 
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Emissivity Determination I 

Emissivity Determination @ 
- Residual Helium Gas Heat Loss 

Ref: . C ~ y q e m c  Engineering'. T.M. Fiym. p372 s) 

I 
I Error Bar Determination i 

Emissivity Determination 

- Radiation Heat Loss 

e Emissivity Determination 

* Lead Wire Heat Loss 
- Assumptimi - CHunic disipatia, insigrdftcart (senscn and vcitage meas) - Wne radiatim stgniflcani 

Longleadmres 
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Emissivity Determination 

Error Bar Determination 

I 

Cryochamber Operation 

Cryochamber and emittance samples baked 
out at 50°C 

Cryochamber pre-cooled to -40°C with GN, 
with a TCU 

- Facility 225 shroud flooded with LN, 

- Cryochamber purged with GHe - Cryochamber cooled to 4.5 K with L H e  
dewars 

Error Bar Determination 

Cryochamber Cool-Down 
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- All cryochamber test  objectives were met 
- Cooled-down from >300K to 4.6K in less than 6 hours 
- Achieved 4 .5K M . l K  
- Thermal gradient < 0 2 K  
-Thermal stability < 0.05Whr 
- Chamber pressure C 5xlod Torr 

included 
- Design. fabrication and construction 
- Heiium transfer lines 
- Instrumentation 
-Thermal blanketing 

- Total cost of cryochamber was $77,738 which 

- Helium consumption was a s  predicted - about 500 
liters/day 

Future Considerations 

- Cryochamber 
-Use  larger TCU to pre-cool 
-Eliminate use of GHe a s  a purge 

- During dewar changes (use  plug) 

- Improve time to change-out helium dewars 

During cooldown 

-Procure second helium transfer line 

Test Samples 
- Eiirninate transient sampies (pending anaiysis 

-Perform t e s t  on external radiator coating candidates L aluminum 

results) 

- Ball Infrared Black (BIRB). S13GLO and black anodized 

Test Sample 
Results 

1 * Emittance test samples 

I -2306 paintthickness an issue 
-M55J and 2306 sample results look good 

-Black Kapton delaminated from AI100 substrate 
-Steady state approach superior - bss error than 

transient approach - Emittance data not released 
-Parasitic losses and e m r  bars still being 

-Emittance data to be published soon 
characterized 
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